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Pe3rome

[Tporenndocdaraza PPM1D (Protein phosphatase, Mg*/Mn?** dependent,
1D) saBisieTcst OJHUM U3 KIIIOUEBBIX PETYJIATOPOB PEAKIIMU HAa CTPECC, BBI3BAHHOMN
noBpexaenueMm JIHK, kierounoro nukina u anonto3a. Cepxaskcnpeccuto PPM1D
00HapY>KMUBAIOT B OOJIBIIIOM KOJMYECTBE TUIIOB KaK COJIMAHBIX (paK JIETKUX, pak
MOJIOYHOM JK€JI€3bI U T.]I.), TAK U TEMATOJIOTHYECKUX (OCTPBIA MUETOUIHBIN JICHKO3)
37I0KQYE€CTBEHHBIX ~ HOBOOOpa3zoBaHu#, urto Jneraer PPMI1D  BaxHbIM
IPOrHOCTUYECKUM MapKepoM Ipu oHKoJorusx. Ocobe BHUMaHHUE CTOUT YJEIHUThH
ceepxakcnpeccun PPM1D B konopekranbaom pake (KPP), aBastommmcst TpeTbuM
[0 PacHpOCTPAaHEHHOCTU CPEIU BCEX OHKOJIOTUYECKUX 3a00JI€BaHU, TOTOMY YTO
JAHHBII  TIOKa3aTellb KOPPEIUpPYeT C YBEIMYEHUEM pa3Mepa  OIyXOJH,
MeTacTa3upoBaHUEM, HEOJIArONPHUATHBIM POTHO30M BBDKUBAEMOCTH U Pa3BUTHEM
JIEKapCTBEHHOU YCTOMYMUBOCTU. IIpy 3TOM j€KapCTBEHHAsI PE3UCTEHTHOCTh MOXKET
ObITh cBsi3aHa ¢ TeM, utro PPM1D wnanpsimyto nedochopunupyer pS3 u apyrue
KOMITOHEHTHI cUurHaNnbHro mytu ATM-p53, a Takke BBICTYNAET B POJIM HETATUBHOTO
perynstopa NF-xB. BepositHo, uto cBepxskcnpeccus PPM1D B omyxoseBbx
kietkax KPP moxer npuUBOAMTE K  CHMDKEHHIO  CHHTE3a  BaXHBIX
POBOCTIAIUTENBHBIX LIMTOKMHOB U Pa3BUTHUIO UMMYHOCYIIPECCUBHOIO OKPYKEHUS
OIMYXOJIU, YTO MOKET 3HAYUTENBHO YXYALIATh UCXOA Tepanuu. Ha qaHHblii MOMEHT
posib PPM1D B perynsmuu BocnanutenbHoro orseta B KPP ocraercst HemoctaTouHo
u3ydyeHHol. llenplo JaHHOrO wHccienoBaHUsl ABISETCA cpaBHeHUE H¢¢eKra
xumudeckoro uaruouposanusi PPM1D nyrem ucnosib3oBaHusi €ro CEJICKTUBHOTO
unruouropa GSK2830371 u renernueckoro Hokayra PPMI1D wnHa nuHuun
KOJIOPEKTAJILHOTO paka yenoBeka HT-29 B yClioBUSIX HHIYKIIUU CUTHAIBHOTO MYTH
NF-xB npu o6padoTtke TNF.

B nanHo# paboTe ObuIa MCMOJIB30BaHA KIETOYHAS JIMHHS KOJOPEKTAIBHOTO
paka yenoBeka HT-29, a Takxke panee noiaydeHHble nuHun HT-29 ¢ HokayTom u c
NOBBIIEHHOM 3Kcnpeccueit rena PPM1D. KieTku Ky abTUBHpPOBaIH B CTAHIAPTHBIX
ycioBusx. /s npoBeaeHus: 3KCIepUMEHTOB UCToyib30Balid [ NF B KOHIIEHTpauu
20 ar/mn u GSK2830371 B konmentpanuu 10 MxM. MHKYyOMpOBaHUE KIIETOK C
GSK2830371 mpousBoamnu B TedeHwe cyTok U ¢ ITNF B Teuenue 12 dyacos.
N3mepenre NpoayKUMM LATOKHMHOB OLEHUBAIU MPU MOMOIIM MYJIbTUILIEKCHOU
texnonoruu XMAP INTELLIFLEX, a u3mMepeHue skcnpeccuu reéHOB OICHHBAIH
metonoM I[P B peanbHOM BpEMEHHU.

[Ipy MyJBTUIUIEKCHON OIIEHKE YPOBHSA CEKpPEUUU [MTOKHMHOB OBLIO
oOHapy»eHo, uTo HU uHKyOarus kierok ¢ GSK2830371, uu Hokayr PPM1D ne
IPUBOJST K UBMEHEHHSIM B IUTOKUHOBOM Ipoduie 6€3 CTUMYJISLIUU IO CPABHEHUIO
C MHTAKTHOM KJIETOYHOM JInHUEW. B cirydae ctumysisiunu mytd NF-kB ¢ momonibro
TNF u uaru6uposannn PPM1D Takxke He BBISIBICHO 3HAUUTEIBHOTO YBETUUYECHUS
OPOAYKIMH MPOBOCHAIUTEIBHBIX IIUTOKUHOB M (PAKTOPOB pocTa. A MpHU OLEHKE
kierounor smHun HT-29 co cepxakcnpeccuein PPM1D npu nmomomm TP B
peaslbHOM BpeMEHHM HaOJI0JaloCh CTATUCTUYECKU 3HAYMMOE YBEJIMYCHHE YPOBHS
skcnpeccuu TNF, IL-8 u IL-1b B oTBet Ha 00pabotky TNF mo cpaBHeHHU!O ¢ TUHHUEH
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JUKOTO THIA, YTO HE COIJIACYETCS C IAHHBIMU O HETaTUBHOM peryisiuuu mytu NF-
kB ¢ocdarazoit PPM1D.

B pesynbTaTe paboThl mokazaHo, 4To HokayT reHa PPM1D cymiectBeHHO He
BiausuT Ha ypoBeHb HHUTOKMHOB (IL-8, GM-CSF u ap.), HaxogAmmxcs IO
KOHTpoJieM TpaHckpuniuonHoro ¢akropa NF-xB B cnyuae unpykuum TNF, B
CpPaBHEHUHU C UCMOJIb30BaHUEM cenekTuBHOro nuruonropa GSK2830371. Ilpu satom
noBbleHHas skcnpeccusi PPM1D npuBoania k yBeIMUYEHUIO SKCHPECCUU T'€HOB
IPOBOCIAIUTENBHBIX INTOKMHOB, TakuX Kak IL-8, TNF, IL-1b, npu nnaykuuu mytu
NF-xB ¢ momomisro TNF.

KuarwueBble ciioBa: xonopekTanbHbiii pak, PPM1D, NF-kB, TNF, IL-8, IL-
1b.
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Abstract

Protein phosphatase PPMI1D (Protein phosphatase, Mg*/Mn?*" dependent,
1D) is one of the key regulators of DNA damage-induced stress response, cell cycle
and apoptosis. PPM1D overexpression is detected in a large number of both solid
(lung cancer, breast cancer, etc.) and hematological (acute myeloid leukemia)
malignancies, making PPM1D an important prognostic marker in oncology. Special
attention should be paid to PPM1D overexpression in colorectal cancer (CRC), the
third most common oncological disease, because this indicator correlates with
increased tumor size, metastasis, unfavorable survival prognosis, and the
development of drug resistance. Drug resistance may be associated with the fact that
PPM1D directly dephosphorylates p53 and other components of the ATM-p53
signaling pathway, and also acts as a negative regulator of NF-xB. It is likely that
PPM1D overexpression in CRC tumor cells may lead to a decrease in the synthesis
of important proinflammatory cytokines and the development of an
Immunosuppressive tumor microenvironment, which can significantly worsen the
outcome of therapy. At present, the role of PPM1D in regulating the inflammatory
response in CRC remains insufficiently studied. The aim of this study is to compare
the effect of chemical inhibition of PPM1D using its selective inhibitor
GSK2830371 and genetic knockout of PPM1D on the human colorectal cancer cell
line HT-29 under conditions of NF-kB signaling pathway induction with TNF
treatment.

In this work, the human colorectal cancer cell line HT-29 was used, as well as
previously obtained HT-29 cell line with PPM1D gene knockout and HT-29 cell line
with PPM1D overexpression. Cell lines were cultured under standard conditions.
For experiments, TNF at a concentration of 20 ng/ml and GSK2830371 at a
concentration of 10 uM were used. Cell lines were incubated with GSK2830371 for
24 hours and with TNF for 12 hours. Cytokine production was evaluated using
XMAP INTELLIFLEX multiplex technology and gene expression was measured by
real-time PCR.

The multiplex assessment of cytokine secretion levels revealed that neither
the incubation of cells with GSK2830371 nor PPM1D knockout led to changes in
the cytokine profile without stimulation compared to the intact cell line, and did not
cause a significant increase in the production of pro-inflammatory cytokines and
growth factors in the case of NF-kB pathway stimulation using TNF. In the case of
NF-kB pathway simulation with TNF and PPM 1D inhibition, no significant increase
in the production of proinflammatory cytokines and growth factors was detected.
When evaluating the HT-29 cell line with PPM1D overexpression using real-time
PCR, a statistically significant increase in the expression levels of TNF, IL-8, and
IL-1b was observed in response to TNF treatment compared to the wild-type line.
This finding is inconsistent with data on the negative regulation of the NF-xB
pathway by PPM1D phosphatase.

As a result of the work, it was shown that PPM1D gene knockout didn’t
significantly affect the level of cytikines (IL-8, GM-CSF, etc.) controlled by the
trascription factor NF-kB in the case of TNF induction, compared with the use of
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the selective inhibitor GSK2833071. At the same time, overexpression of PPM1D
led to an increase in the expression of proinflammotory cytokine genes, such as IL-
8, TNF, IL-1b, upon induction of the NF-kB pathway by TNF.

Keywords: colorectal cancer, PPM1D, NF-kB, TNF, IL-8, IL-1b.



O 00 N O 1 b W N B

S b A B D W W W W W W W W W WNDNDNDNDNDNDNDNNNDNRRPRRPRRRPRRERRPREPR R PP
A WO NP O OO NOOULL D WN P O OO NO VDR WDNPE O OVUOOWNO UMM WNNBE O

10.46235/1028-7221-17190-POL
1 BBenenue

ITIporenndocdaraza PPM1D (Protein phosphatase, Mg*/Mn?** dependent,
1D) yyacTByeT B OOJBIIOM KOJMYECTBE (U3MOJOTUYECKH BaXKHBIX MPOILECCOB
KJIETKH, TAKUX KaK peakiius Ha CTpecc, BbI3BaHHas nospexaenuem JAHK, perynsuus
KJIETOYHOT'O IIMKJIa, KJIeTouHas ruodens u T.4. [8]. Ha ceroansmnmii 1eHp nokasaHo,
yto PPMI1D Moxer BbICTynarb B poJid HNPOTOOHKOreHa [6]. CBepX3KIpeccuto
PPM1D o6napyxuBaiOT mpH HEHpoOJIacTOME, pake MOMKEITyI0OYHONU >Kene3bl,
JIETKUX, MOJIOYHOM XKene3bl, Mo4yeBoro my3bips u T.4. [6]. Taxxe, PPM1D
cBepxakcnpeccupyercs B 60-80% ciiyyaeB KOJIOpeKTalnbHOTO paka [5, 6, 8]. Ilpu
ATOM MoBbIIIeHHAs Kcrpeccuss PPM1D nonoxutenbHO KOPPEIUPYET C pa3MepoOM
OITyXOJIM ¥ C OTJEIbHBIMU METacTa3aMH, B TOM YKCJIe B IUMQpaTHUECKHUEe Y37bl [5].
[TomuMo 3TOrO, MaLMEHTHI ¢ MOBbIIEHHOW 3kcnpeccueit PPM1D umeror miioxoi
MPOTHO3 BBIKMBAEMOCTH U PE3UCTEHTHOCTh K Tepamnuu, 4yto aAemaer PPMI1D
BaYKHBIM IIPOrHOCTUYECKUM MapKEpOM JUIsl KOJIOPEKTaIbHOrO paka [5, 6].

Konopekranbupii  pak  (KPP)  3aHmmaer  TpeThe  MeCcTO IO
pacnpocTpaHEHHOCTH Cpeau BCEX BHUAOB paka, Kpome Toro, y mopsaka 90%
NAIMEHTOB C MeTacTazaMu HaOJtoaeTcst HU3KU 3p(dEKT OT MPOTUBOOMYX0JIEBOU
TEepanuy, 4YTO CBSI3aHO B OCHOBHOM C MPUOOPETEHHON JIeKapCTBEHHOU
pe3ucTeHTHOCTHIO [4]. ONHY W3 KIIOYEBBIX POJIEH B Pa3BUTHUHU PE3UCTEHTHOCTHU
KOJIOPEKTAJIBHOTO paKa K NPUMEHSIEMBIM Ipenapatam mMoxeT urpate PPM1D, Tak
KaKk OH cmocoOeH Hampsmyro nedochopunmpoBate p53, OCHOBHOUM peryssiTop
KJIETOYHOTO IUKJIA U BaXXHBI KOMIIOHEHT IYyTH aromnTo3a, a TaKkXkKe Apyrue Oenku
nyta ATM-p53 [3, 7]. Baxxno otmeTuts, yTo PPM1D Takske siByisieTCsi HeraTUBHBIM
perynsitopom NF-xB [1]. MaruOupoBanue NF-kB uepe3 PPM1D npoucxogut kak
p38-3aBUcUMBIM, TaK W He3aBHUCHMMBIM oOpazom [1]. BeposarHo, uro
ceepxakcnpeccuss PPM1D B onyxoseBbIX KJIeTKaX MOXKET MPUBOJIUTH K CHIXKEHUIO
CUHTE3a BaYKHBIX POBOCHATTUTENBHBIX IIUTOKUHOB u Pa3BUTHIO
UMMYHOCYIIPECCUBHOI'O OKPYXKEHHUS OIyXOJIH, YTO MOXKET 3HAYUTEIBHO yXYAIIATh
UCXO/] TEPANHH.

OTaenbHO CTOMT OTMETUTh MEPCHEKTUBHBIM TapreTHbI mpemnapar
GSK2830371, xoTOpbIi SIBIASETCS BBICOKOCEIEKTUBHBIM HHTHOUTOpoM PPMID,
CBS3BIBAIOIIMMCS C YHUKAJIBHBIM CYyOJIOMEHOM, pAaCMOJIOKEHHBIM PSIOM C
karamutudeckum caiitom PPM1D [2]. O6paboTtka pakoBsix kierok GSK2830371
yBenunuuBaeT hochopunuponanue cyoctparoB PPM1D u Bbi3biBaeT pS3-3aBucumoe
WHTHOMPOBAaHME POCTA KJIETOK Pa3IMYHBIX THIOB paka, Hampumep, B JIMHUAX
TeMOIIOATUYECKUX OMYXOJIEBBIX KJIETOK U B KJIETKaX OIMYXOJH MOJOYHOMU >KeNe3bl,
Hecymux P53 nukoro tuma [2].

B Hameil pabore MBI ONEHWIM LUTOKHMHOBBIM TPOGUIb KIETOK
KOJIOPEKTAJILHOT'O PaKa YeJIOBEKa C HOKayTOM M CO CBepxakcnpecuuei rena PPM1D
KaK B MHTaKTHOM COCTOSIHMHM, TaK U B ciiydae aktuBaiuu nytd NF-kB ¢ momonisio
TNF.

2 MaTtepuaJjbl 1 MeTO/bI

Kuerounbie qunun. B skcniepuMeHTax MCHOJIb30BAINA KIETOUHYIO JIMHUIO

KOJIOpeKTalibHOTO paka yenoBeka HT-29 (Kerafast, CIILIA). Takxe, B paboTe ObUIH
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WCIIOJIb30BaHbI paHee nojydeHHsie auHus HT-29 ¢ nokayrom rena PPM1D u nunus
HT-29 c noseimennoit axcnpeccueit PPM1D.

Knerounble nWMHUM KyJIbTUBUPOBAIM B KyJbTypaibHOH cpene DMEM
(Servicebio, Kurait), conepxameit 10% ¢deranbHoit Obrubeit cbiBopotku (Cytiva,
CIIA), 150 mr L-rmyramuna (Thermo Fisher, CIIIA) u 10 mMr neHunuIauHa U
ctpentomuninHa (Servicebio, Kurait). KieTku KynbTUBUPOBAIM B IIJIACTUKOBBIX
¢nackax c¢ anresuonHbM nokpeitueM (Eppendorf, I'epmanus) B CO2-unkybatope
(Binder, I'epmanus) B atmochepe 5% CO2 u npu temmnepatype 37°C.

N3mepeHue mpoayKuu HUTOKHMHOB. AHAmu3 MPOMYKIMHA IIUTOKWHOB B
KyJIbTYpaIbHOW Cpele OT KIETOYHBIX JMHUN MPOBOJAWIN C HCIOJIH30BAHUEM
mynbrumuiekcHou TexHojorud XMAP INTELLIFLEX (Luminex, CIIIA) u nHaGopa
MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel (Merck,
CIIIA) B cOOTBETCTBHH C MPOTOKOJIOM, PEKOMEHIOBAaHHBIM MTpOU3BOAUTENIEM. {75t
HOpMAJIM3AIMH MOJYYEHHBIX JAHHBIX ObLT UCIOJIb30BaH Z-SCOIE aHaJIM3.

HN3mepenue 3kcnpeccun renoB mMeroaom IIIP B peanbHOM BpemMeHH.
Tortanenyto PHK Beimensanu w3 kierok mpu mnomoinud peareHta EXtractRNA
(EBporen, Poccust) B COOTBETCTBUHU CO CTAHAAPTHBIM MPOTOKOJIOM ITPOU3BOJAUTEIIS.
Opnnonenovyeuynyr komiiementapuyro JIHK (xk/IHK) monyuanu myrem obpatHoM
tpanckpuniuu 1000 ar PHK ¢ ucnonszoBanuem na6opa RT-PCR MINT (EBpores,
Poccus). IIIIP B peanbHOM BpEeMEHHM NPOBOAWIM C NOMOLIBIO peareHra 5X
gPCRmix-HS SYBR + LowROX (EBporen, Poccus) B COOTBETCTBHHM C
WHCTPYKITMEH mpousBoauTens. JlaHHbIE HOPMHUpPOBAIM Ha SKCHPECCHIO TEHA
nomarraero xo3siictea GAPDH. Pexxum ammmmdukanym ObI1 OUHAKOB 1T BCEX
npaiiMepoB: 95°C 5 munyT, 40 uuknoB 95°C 15 cexyna u 60°C 60 cexyna. Kaxnapiii
oOpaser aHaTU3UPOBAIN B TPEX TEXHUUYECKUX MPOBOPHOCTSIX. DKCIPECCHIO TCHOB
ananusupoBaan MeromoM 244C TlocnmenoBarenbHOCTH NPaiMEPOB Ui TeHA

GAPDH (psiMoi: GTCTCCTCTGACTTCACCAGCG, 0OpaTHBIN:
ACCACCCTGTTGCTGTAGCCAA), TUISt reHa TNF (psiMoii:
CTCTTCTGCCTGCTGCACTTTG, oOpaTHBI:
ATGGGCTACAGGCTTGTCACTC), TUISt reHa IL-8 (mpsimoii:
GTTTTTGAAGAGGGCTGAGAATTC, oOpaTHBI:

ATGAAGTGTTGAAGTAGATTTGCTTG) wu pmna  renma IL-1b  (mpsimoti:
AGCTACGAATCTCCGACCAC, oopatnsiii: CGTTATCCCATGTGTCGAAGAA).

Crarucruveckuii anamu3. s CTaTUCTUYECKOW O0OpabOTKM TaHHBIX
ucrnosp3oBanu nporpammy GraphPad Prism 9.5. DkcnepuMeHTanbHBIE JaHHBIC
aHanu3upoBay mpu momomm Tecta One-way ANOVA. Paznuuums cuwmranu
noctoBepubiMu Tipu * - p<0.05, ** - p<0.01, *** - p<0.001, **** - p<0.0001, ns
(non-significant) — HeT pa3HUIIEL.
3 Pe3yabTaThl M 00CYKIEHUE

[Ipenpinymue uccnenoBanus nokazanu, 4ro PPM1D sBnsercss HeraTUBHBIM
perynsitopoM nytd NF-kB M HOkayT JaHHOTO TeHa NPUBOJIUT K YBEIUYEHUIO
BOCHaUTeNbHOrO OTBeTa [1]. B pamkax Hamiero uccieoBaHUsi Mbl MPOBENIU
CpPaBHUTEJIBHBIM aHAIM3 XuMU4Yeckoro uHruoupoBanus PPMI1D mnocpenctBom
cenexktuBHoro uHruoutopa GSK2830371 u renernueckoro Hokayra PPM1D na
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JUHUU KOJOPEKTAIBbHOTO paka uenoBeka HT-29 B ycioBusX HHIyKUUU
curHagpHoro nytu  NF-xB  mnpu  ob6padotke TNF. Ilo pesynbpraTtam
MYJIbTUILIEKCHOTO aHalii3a LIUTOKUHOB ObLIO OOHApYXKEHO, YTO HM HHKyOauus
kierok ¢ GSK2830371, nu Hoxkayr PPM1D He mpuBOaAT K H3MEHEHUSIM B
UTOKMHOBOM Mpoduie 06e3 CTUMYJISIUUA N0 CPABHEHHUIO C UHTAaKTHOM KJIETOYHOMU
munuert (Pucynok 1, A). Ilpeanonaranock, uro HokayT PPM1D unu unkyOamus ¢
GSK2830371 npuBeger k yBenuueHuto cekpeunu | NF-uHzynmpoBaHHBIX
BOCTIAJIMTENIBHBIX IIUTOKHHOB. OHAKO 00IIas TeHICHIINS OKA3bIBAET, YTO HOKAYT
PPM1D u ucnons3oBanue xumuueckoro uaruouropa GSK2830371 ve npuBoasr K
3HAYNTEILHOMY YBEIWYEHUIO TMPOAYKIIMH TPOBOCHIATUTEIBHBIX ITUTOKWUHOB U
daktopoB pocta (Pucynok 1, A). Panee Joanne Chew m mpyrue mokasaiu, 4To
HokayT PPM1D B knerounoii nuHun Hela nmpuBOAUT K yBETMYEHUIO SKCIPECCUU
TNF u IL-8 B otBer Ha IL-1 [1]. B mannom cnyuae Hu Hokayr PPMI1D, Hu
uHruouposanue ¢ nmoMmonpo GSK2830371 He mpUBOIUIIN K YBEITUUECHUIO CEKPEIUU
IL-8 B orBeT Ha TNF (Pucynok 1, b).

[Tokazano, yto NF-xB siBisieTcst akTMBATOPOM TPAHCKPUIILIMKM B TOM YHUCJIIE U
PPM1D, uro co3maer meTai0 HeraTUBHOM oOpaTHOHM cBs3u, Tak kak PPMI1D
nedochopunupyer NF-xB (Pucynok 2, A) [1]. IIpu stom omyxonu KPP wgacto
cBepxakcnpeccupyror PPM1D [5, 6]. beuia npoBeneHa OlleHKa KCIPECCUH T'eHOB
MIPOBOCTIAIUTEHHBIX IIMTOKMHOB TOJ KOHTPOJEM TPAHCKPHUIIIIMOHHOTO (hakTopa
NF-xB meronom IILIP B peanbHOM Bpemenu Ha quHMAX HT-29 nukoro tuna u co
cBepxakcrpeccueit PPM1D. [lannsie nuHum uHKyOupoBaimuch ¢ TNF B
KoHIeHTpauu 20 HI/MII B TeueHue 3 4acoB. bbuto 0OHapykeHo, YTO B KJIETOYHOU
muaun HT-29 co cBepxakcnpeccueil MPOMCXOAMT 3HAYUTENBHOE YBEJIMYECHHE
YPOBHS JKCIIPECCHM TaKuX MUTOKWHOB, kKak TNF, IL-8 u IL-1b, mo cpaBHeHuto ¢
aunuet HT-29 nuxoro tumna B otBeT Ha 00paboTky TNF (Pucynok 2, b). Onnaxo
TO HE corjacyercss ¢ JaHHbBIMHM O ToMm, 4To PPMI1D sBnsiercss HeratuBHBIM
perynstopom nytu NF-kB [1]. IIpu atom Haibin Zhong u npyrue mokasanu, 4To
noBbIIIIeHWe ypoBHSA dkcnpeccun PPM1D B cioydae HelipoBocmaieHUs
pPETUHAJIIBHBIX ACTPOIMTOB HAOJIOJAETCS COBMECTHO C YBEIUUYEHUEM 3KCIIPECCHUU
MPHK mnpopocnanurensubix murokuaoB (TNF, IL-8, IL-6, IL-1b) [9]. [Jdauusbie
JUTepaTypbl MPOTUBOPEUMBHI, U Hallla paboTta nogyepkuBaeT, uto PPM1D moxer
OKa3bIBaTh pa3IMYHOE BIMsSHHE Ha curHadbHBIM myTh NF-kB, uTto Tpebyer
nanpHeimero uzydeHus. OCOOCHHO aKTyaJdbHBIM J3TO SIBJISIETCS B OITyXOJIEBBIX
mozesaix KPP, rae BhICOKMiI MPOLIEHT MAalMEHTOB ¢ cBepx3kcnpeccueit PPMID.
[Ipy 3TOM CTOUT OTMETUTh, YTO TakoH 3(P(EeKT MOXKeT ObITh O00YyCIOBIECH
TEHETUYECKON HECTAOMIBHOCTHI0 B OIMYyXOJEBBIX KJICTOYHBIX JIMHUAX, TJIC
CBEPAIKCIIPECCUS UM HOKAYT OJTHOTO Te€Ha MOTYT MPHUBOJUTH K KOMIIEHCATOPHBIM
MEXaHU3MaM.

4 BpIBObI

B pesynbTaTe paboThl mokazaHo, 4To HokayT rena PPM1D cymiectBenHo He
BT Ha ypoBeHb IUMTOKMHOB (IL-8, GM-CSF u np.), naxonmsmmxcs mnon
KOHTpoJsieM TpaHckpuniuoHHoro ¢dakrtopa NF-kB B cinydyae unaykuuu TNF, B
CpPaBHEHMHU C UCIIOJIb30BaHUEM celeKTUBHOTO nHTrHouTOpa GSK2830371. [1pn saToM
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noBbIieHHas dkcnpeccuss PPM1D npuBoania k yBeTMYEHUIO SKCIPECCUU T'€HOB
IIPOBOCHAINTEIBHBIX IIMTOKKMHOB, TakuX Kak IL-8, TNF, IL-1b, npu uHayKIMK yTH
NF-xB ¢ momomisro TNF.

DTO HCCIEAOBAHUE BBISIBUIIO MapaJoKcalibHyO0 posib PPMID B perynsiuu
nytd NF-kB B TMHUU KOJIOPEKTAIBLHOTO paka 4esjoBeKa. /JaHHbIe, ITOTyYEHHBIE Ha
kierounoi K HT-29, mpotuBopevamiue pesynbraram, onyOJMKOBaHHBIM Ha
IPYTUX KJICTOYHBIX JIMHUSX, MOTYT OOBSCHATHCS OTIUYHBIM MATTEPHOM.
sKkcnpeccuu npyrux pocedaras cemeiictsa PP2C, k koTOpoMy mpUHAIICKUT JaHHAS
docdaraza, B HT-29 [1, 9]. OOnapyx’eHHBbIH (HEHOTHII MOXKET MPHUBOIUTH K
uMmMyHoMonynauud B oHkoreHese KPP u TpeOyer nanpHeiiiero wu3ydeHus.
XPpOHUYECKOE BOCHAJIEHHE MPOBOLMPYET MAJIUTHU3ALMUIO OMYXOJW, IPU ITOM
NpPUMEHEHHE XUMHUYecKuX HUHruoutopoB PPMID MokeT HHMBENIHpOBAaTh 3TH
MOCJIEACTBUS.

baarogapuocTu
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10.46235/1028-7221-17190-POL
PUCYHKHA

Pucynok 1. YpoBeHb KOHUEHTpallMd LHUTOKWUHOB B KYJIbTYPAIBHOH Cpele OT
KiIeTouHbIX JIuHUKA HT-29 nukoro tuna m ¢ Hokayrom PPMI1D npu HOpMaibHBIX
ycioBusix, npu uHruouposanuu GSK2830371 u npu ux unaykuuu TNF.

Figure 1. Cytokine concentration levels in culture medium from wild-type and
PPM1D knockout HT-29 cell lines under normal conditions, upon inhibition with
GSK?2830371, and upon their induction by TNF.
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A) OtHocuTeNnbHasE 3KCOpPecCHUsl Pa3IMYHBbIX ITUTOKMHOB M (PAKTOpPOB pocTa B
kierounoi muaun HT-29 nukoro tuma (HT-29 wt) npu unkybamuu ¢ TNF (20
HI/MJT) U ¢ MHKYyOauueu ¢ cenektuBHbIM nHruouTopom PPMI1D GSK2830371 (10
MKM) M OTHOCUTENbHAsI 3KCIPECCUs PA3IMYHBIX LIMTOKMHOB M (haKTOPOB pocCTa
kierounor guauu HT-29 ¢ mokaytom rema PPMID (HT-29 PPM1DKo) npu
unky6auuu ¢ TNF (20 ar/mn). Maky6auus ¢ GSK2830371 npousBoamiiv B TeUEHHE
cytok. MakyoupoBanue kinetok ¢ TNF npousBoaunu B Teuenue 12 vacos. JlanHbie
HOPMAJIU30BaHbI M MPEACTaBICHbI B BUAe Z-orieHOK. b) KoHneHTpamus nuTokuHa
IL-8 (nr/mur). Cratuctuueckuii ananus nposenieH ¢ nomotnbio One-way ANOVA
tecta; * - p<0.05, **** - p<0.0001, ns (non-significant) — HeT pa3HMIIBIL.

A) Relative expression of various cytokines and growth factors in the wild-type HT-
29 cell line (HT-29 wt) during incubation with TNF (20 ng/ml) and with the selective
PPMI1D inhibitor GSK2830371 (10 uM), and relative expression of various
cytokines and growth factors in the PPM1D gene knockout HT-29 cell line (HT-29
PPM1DKo) during incubation with TNF (20 ng/ml). Incubation with GSK2830371
was performed for 24 hours. Incubation of cells with TNF was carried out for 12
hours. Data are normalized and presented as Z-scores. B) IL-8 cytokine
concentration (pg/ml). Statistical analysis was performed using the One-way
ANOVA test; * - p<0.05, **** - p<0.0001, ns (non-significant) — no difference.
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Pucynoxk 2. OtHocuTenbHbIN ypoBeHb dkcnpeccuu TNF, IL-8 u IL-1b B kierkax
HT-29 nukoro tuna u co ceepxakcrpeccueit PPM1D.

Figure 2. Relative expression levels of TNF, IL-8 and IL-1b in wild-type and
PPM1D-overexpressing HT-29 cells.
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A) Cxema HeratuBHOM oOpatHOoit cBs3u NF-«xB u PPMID (cxema
amantupoBana u3 [7]). b) OtHocurenbHblil ypoBens skcripeccuu TNF, IL-8 u IL-1D,
HOPMHPOBAHHBIE MO reHy aoMairHero xo3sicrsa GAPDH, y nunun HT-29 nukoro
tuna (HT-29 wt) u y muann HT-29 co ceepxakcnpeccueit PPM1D (HT-29 PPM1D).
Wuky6arusa ¢ TNF (20 ar/mi) npoBoauiu B TeueHue 3 dacoB. CTaTUCTUUYECKUAN
aHanu3 nposeneH ¢ momompbio One-way ANOVA Ttecta; * - p<0.05, **** -
p<0.0001, ns (non-significant) — HeT pa3HHUIIBI.

A) Negative regulation of NF-kB and PPM1D (adapted from [7]). B) Relative
expression levels of TNF, IL-8 and IL-1b normalized to the housekeeping gene
GAPDH in wild-type HT-29 (HT-29 wt) and PPM1D-overexpressing HT-29 (HT-
29 PPM1D) cells. Incubation with TNF (20 ng/ml) was performed for 3 hours.
Statistical analysis was performed using the One-way ANOVA test; * - p< 0.05,
**** . p< 0.0001, ns (non-significant) — no difference.
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Baok 3. MeraganHbie CTATHH
CBEPXOKCIIPECCHUA PPM1D ITPUBOJAUT K ITPOBOCITAJIMTEJIBHOMY
HATOKNHOBOMY ITIPOOUIIIO B OTBET HA AKTHUBAIIMIO NF-«xB B
KJIETOYHOW JIMHUU KOJIOPEKTAJIBHOI'O PAKA YEJIOBEKA

PPM1D OVEREXPRESSION LEADS TO A PROINFLAMMATORY
CYTOKINE PROFILE IN RESPONSE TO NF-xB ACTIVATION IN A HUMAN
COLORECTAL CANCER CELL LINE

CoxkpaleHHoe Ha3BaHUE CTATHH 1JI1 BEPXHEro KOJIOHTHUTYJIA:
PPM1D B KOJIOPEKTAJIbHOM PAKE

PPM1D IN COLORECTAL CANCER

KawueBbie cjioBa: KoopektanbHblid pak, PPM1D, NF-kB, TNF, IL-8, IL-1b.
Keywords: colorectal cancer, PPM1D, NF-kB, TNF, IL-8, IL-1b.
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